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(57) A soft output decoding method and apparatus 
for convolutlonal codes. After computing the number of 
states times ip (Pt - Pt-o+i) ^ truncated length, the 
soft output outside the truncated length, is sequentially 
computed, as next following ip (Pt-o Pt-2D+i) outside 
the next following truncated length is computed, at the 
same time as ip of the next truncated length is sequen- 
tially computed. In this manner, a decoder 4 performs 
computation of ip within the truncated length and com- 
putation of ip retrogressive by not less than the trun- 
cated length, as parallel processing, as a result of which 
the computation of ip per clock is the number of states 
x2 to reduce the volume of computation to expedite the 
decoding. 
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Description 

Technical Field 

5 [0001] This invention relates to a soft output decoding method and apparatus for convolutional codes, applied with 
advantage to. for example, a satellite broadcast reception device. More particularly, it relates to a soft output decoding 
device in v^rtiich the probability information is stored on a recording medium a length not less than a truncated length 
and in which updating of the probability information within the truncation length and computations of the soft output out- 
side the truncated length are executed in parallel to enable high-speed operations. 

10 

Background Art 

[0002] As a decoding method for minimizing the symbol enor ratio following decoding of the convolutional codes, 
there is known a BCJR algorithm from Bahl, Cocke, Jelinekand Raviv. "Optimal Decoding of Unear Codes for Minlmiz- 
15 ing Symbol Error Rate". IEEE Trans. Information. Theory, Voi.1T-20, pp. 284 to 287, Mar. 1974. In the BCJR algorithm, 
it is not each symbol, but the likelihood of each symbol, that is outputted as the decoding result. This output is termed 
soft output. 

[0003] In these years, researches are being conducted towards reducing the symbol error rate by using soft outputs 
as decoded output of the inner code of the conjugated code or as outputs of each reiteration of the iterative decoding 
20 method. As a decoding method, suited to this purpose, a BCJR algorithm is stining up notice. 
[0004] The contents of the BCJR algorithm are hereinafter explained in detail. 

[0005] The BCJR algorithm outputs the likelihood of each symbol, instead of outputting each symbol, as a decoding 
result. The BCJR algorithm is used when convolutional encoding the digital information is convolutional -encoded by a 
convolutional encoder and the resulting data string obtained on convolutional encoding is observed over a non-storage 
25 communication route. 

[0006] M states (transition states) representing the contents of shift registers of a convolutional encoder are 
expressed as m(0. 1. • • • , M|1). The state at time t is an input at t is If an output at time t is Xf and an output 
sequence is x/ = Xp X,^i , • • • . X,. . The transHion probability between respective states Pt(m|m') is represented by 
the following equation (1): 



30 



40 



50 



55 



p^(m|m') = Pr{St = m|S,.i = m*} (1)- 



[0007] It is noted tat Pr{A|B} is a conditional probability of occunence of A, under a condition that an event B has 
occurred, while Pr{A;B) is a probability of occurrence of both A and B. It is also assumed that the convolutional codes 
35 by the convolutional encoder starts with the state So = 0 and outputs X^"" to terminate at = 0. 

[0008] The noisy non-storage communication route receives an output Xi^ as an input and outputs Y-i^. It is 
assumed that an output sequence Yt*' = Y^, Yt^.^. • • • , Yj. . Meanwhile, the transition probability of the non-storage 
communication route can be defined, for all t (1 ^ t ^ t). by a function R( • | * ) satisfying the following equation (2): 



Pr{r/lx/} = ]~[ R{Y^\X;) (2). 

45 [0009] Therefore, if the probability Xx defined as in the following equation (3): 

At = (3) 
{Prit-0|Y^ } 

this probability \ represents the likelihood of the input information at time t when Yi"" is received, such that this proba- 
bility is the soft output to be found. 

[001 0] The BCJR algorithm defines the probabilities oj. ft and Yt as Indicated by the following equations (4) to (6): 

a,(m) = Pr{S, = m:Y/} (4) 

p,(m) = Pr{T,,n'|St = ni} (5) 
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10 



7,(111', m. i) = Pr{St = m; Y,; i, = i|S,.i = ml (6)- 

[0011] The contents of 04, and are explained with reference to Fig. 1 which illustrates the relation between the 
respective probabilities. It is noted that 04.1 corresponds to the probability of passing through respective states at time 
t-1. as computed based on a reception word as from the encoding starting state SO = 0. while Pt con-esponds to the 
probability of passing through respective states at time T as computed in the reverse sequence to the chronological 
sequence based on the reception word as from the encoding end state Sx = 0. and rt corresponds to the reception prob- 
ability of respective branches in transition through respective states at time t as computed based on the rec^tion word 
and the input probability at time t 

[001 2] With the aid of 04. Pt and vt. the soft output X, can be represented by the following equation (7): 



IS 



Yt = 



20 



m**0 m**=0 
m«0 m'*0 



Z S«,-.('"')>r.('"','wW,(m) 



•(7). 



25 



[0013] It is noted that, for t = 1 . 2, • • • . x. the following equation (8) holds: 

M-^ 1 

30 a,(m)= Xi«f-i(mlXf(m'.m,/) (8)- 

m=Ot'^0 

where ao(0) = 1 . ao(m) = 0 (M 0). 
35 [001 4] Similarly, the following equation (9) : 

M-1 1 

(9) 



40 



45 



m=0/=0 

holds for t= 1.2. • • -.x-L where p^0)= 1 . p^(m) = 0 (m ^ 0). 
[001 5] For Yt. the following equation (10) holds: 

Y^(m'.m,i) = P ,(m|m')R(Y X) in case of transition from m* to m for an input i (X being its output); and (10). 

Y,(m*.m,1) = 0 in case of non-transition from m' to m for the input i 

[0016] Based on the above equation, the BCJR algorithm finds the soft output X, in accordance with the following 
so sequence (a) to (c): 

(a) each time is received, at(m). YtC"^'*'".') *s computed using the equations (8) and (10); 

(b) after reception of the entire sequence Y^^ p»(m) is computed for respective states m for the totality of time points 
t. using the equation (9): and 

55 (c) ot, Pt and Yt. computed at (a) and (b). are substituted into the equation (7) to conrtpute tiie soft output at each 
time point t. 

[001 7] Meanwhile, the above-described BCJR algorithm suffers from the problem that the volume of computation 
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is considerable because of the product computations involved and that continuous data cannot be received because of 
the necessity of terminating the codes. 

[0018] In order to combat these problems, a Max-Log-BCJR algorithm and a log-BCJR algorithm have been pro- 
posed as techniques for diminishing the conputation volume in Robertson. Villebrun and Hoeher. "A Comparison of 

5 Optimal and Sub-Optimal MAP Decoding Algorithms Operating in the Domain", in IEEE Int. Oof. On Communications, 
pp. 1009 to 1013, June 1995.while the SW-BCJR algorithm for performing sliding window processing has been pro- 
posed as a technique for receiving continuous data in Benedetto and Montorsi, "Soft-Output Decoding Algorithm In Iter- 
ative Decoding of Turbo Codes", TDA Progress Report 42-124, Feb. 1996. 
[001 9] The contents of these algorithms are hereinafter explained. 

10 [0020] nrst. the contents of tiie Max-Log-BCJR algorHhm and ttie log-BCJR algoritiim are explained. 

[0021] The Max-Log-BCJR algorithm represents tiie probabilities ot, Pt and vt. >i by a modulo 2 logaritinm (natural 
logarithm) and substitutes the logarithmic sum computations for the product processing of tiie probabilities, as shown 
in the following equation (1 1). while approximating the logarittimic sum computations by tiie logarithmic maximum value 
computations, as shown in tiie following equation (12). Meanwhile, max(x, y) is a function which selects a larger one of 

15 X or y. 

Log(e''-e'^) = x + y 
Log(e ^ + e y) = max(x. y) 



20 



25 



[0022] For simplifying tiie explanation, logarithms of 04. pi and h are set as la,. Ip,. ly,, IX,, respectively, as shown 
by the following equations (13) to (15): 

la,(m) = log(a,(m)) (13) 

IPt(ni) = log(p,(m)) (14) 

lYt(fn) = log(Y,(m)) (15) 

30 where "1" denotes the modulo e logaritiim. 

[0023] In the Max-Log-BCJR algoritiim. these la,, ip,. Ivt are approximated as shown by the following equations (16) 

to (18): 

7a,m= maxmax(/a,.i(m')+ 7/,(m',m,0 

••-(16) 

m (m) = max max(/A^, (m' ) + Ix. {rri , m, i) 

/-O.l m" 

-(17) 



35 



40 



45 lYt(m\m.i) = log(P,(m|m')) + log(R(Y,.X)) (18) 

where X is an encoder output on ti-ansition from m' to m. It is noted tiiat max m' in la,(m) and ip,(m) is to t>e found in tiie 
state m' in which fransition to a state m occurs for the input i. 

[0024] Similarly. is approximated as shown in tiie following equation (19). in which max m' in the first term of tiie 
50 right side is to be found in the state m' where transrtion to the state m exists for tiie input = 1 and in which max m' in tiie 
second term is to be found in tiie state m' where transition to the state m exists for the input = 0. 
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- max max(7ff,_,(n7')+/z,(m',m,0)+7^,('")) 

-(19). 



[0025] Based on the above relation, the Max-Log-BCJR algorithm finds the soft output X, in accordance with the fol- 
lowing sequence (a) to (c): 

(a) each time Y, is received. Icx,(m) and l-rt(m-.m.l) are computed, using the equations (16) and (18); 

(b) after receiving the sequence Y,' in its entirety. ip,(m) is computed, for all states m of all time points t. using the 

S"l^JPt and Iy,. computed in (a) to (c). are substituted into the equation (19) to compute the soft output IX, at each 
time point. 

[0026] Since there are included no product computations in the Max-Log-BCJR algorithm, the processing volume 
can be reduced significantly in comparison with the BCJR algorithm. 

[0027] Meanwhile, if the probability sum computation is modified as shown in the following equation (20) : 



Log(e'' + e") = max(x. y) + log(1 + e 



-IX-YI (20) 



the second term of the right side becomes the linear function for the variable |x - y |, so that, by corresponding tabulation, 
the logarithmic values of the sum processing can be found correctly. „^ , 

[0028] The Log-BCJR algorithm substitutes the equation (20) for the equation (12) in the Max-Log-BCJR algorittim 
in its entirety to realize correct probability computations. As compared to the Max-Log-BCJR algorithm, the Log-BCJR 
algorithm is increased in processing volume. However, there is included no product computation in the Log-BCJR algo- 
rithm, such that its output is no other than the logarithmic value of the soft output of the BCJR algorithm except the 

quantization error. 1.11 1 u 

[0029] Since the second term of the right side in the equation (20) is the linear function by the variable |x - y|. it is 
possible to obtain simple and highly accurate results of computation by. for example, tabulation. Thus, a soft output 
higher in accuracy can be obtained with the Log-BCJR algorithm than is possible with the Max-Log-BCJR algorithm. 
[0030] The contents of the SW-BCJR algorithm are hereinafter explained. 

[0031] in the BCJR algorithm, the code needs to be terminated for yi computation, such that continuous data can- 
not be received The BCJR algorithm accords 1/M for the totality of states as an initial value of p,. introduces the trun- 
cated length as in the case of Viteibi decoding and finds the soft output by retrograding down the tme axis by a 

truncated length D as set (see ng.2). . ..^ ^ ^ 

[0032] The SW-BCJR algorithm inHializes oo- as in the case of the usual BCJR algorithm, and performs the opera- 
tions (a) to (e) for each time instant to find the soft output for each time instant. 

(a) Y, is found based on the received value at time t and the transition probability; 

(b) p,(m) is initialized for the totality of states m so that p,(m) = 1/M ; 

(c) Pm. • • • . Pt-D are computed based on yi-d-i- * * ' • 'Vi: 

(d) from p,-D and a^.D.^ . as found, the soft output y,.d at time t-D is found by the following equation (21): 

^«t-D-l""''"'^'*'^t-D<'"> (21) 
yx-0 Ea,_[j_|(m.m.0n-lp,_|3(m) 
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and 

(e) from 04.0-1 Yt.[> at.Q is computed. 

5 [00331 In the above-given thesis by Benedetto et aL. there are also proposed a SW-Log-BCJR algorithm, combined 
from the SW-BCJR algorithm and the Log-BCJR algorithm, and a SW-Max-Log-BCJR algorithm, combined from the 
SW-BCJR algorithm and the Max-Log-BCJR algorithm. It is noted that the SW-Max-Log-BCJR algorithm is referred to 
in the thesis as SWAL-BCJR algorithm. 

[0034] With use of the SW-Max-Log-BCJR algorithm or the SW-Log-BCJR algorithm, it is possible to receive con- 
10 tinuous data to find a soft output. However, in these algorithms, in contradistinction from the case of decoding termi- 
nated codes, it is necessary to find the number of states multiplied by Y, for the tmncated length in order to find one 
decoded output, with the result that a large processing volume is involved for nnounting even though the product com- 
putations are nit involved. 

[0035] The SW-Max-Log-BCJR algorithm or the SW-Log-BCJR algorithm has a drawback that, while it is possible 
75 to receive the convolutional encoded and transmitted continuous data to find the soft output, the processing volume for 
producing a code output is increased to render high-speed processing difficult. 

[0036] On the other hand, with the SW-Log-BCJR algorithm, combined from the SW-BCJR algorithm and the Log- 
BCJR algorithm, or the SW-Max-Log-BCJR algorithm, combined from the SW-BCJR algorithm and the Max-Log-BCJR 
algorithm, also termed the SWAL-MAP algorithm, it is possible to diminish the processing volume to find the soft output 
20 of continuous data. 

[0037] However, with these algorithms, it is necessary to retrograde down the time axis by the truncated length D 
to produce a soft output to find p for the number of states times the truncated length D, with the result that a tremendous 
processing volume is required despite the fact that product processing is not involved In the processing. 

25 Disclosure of the Invention 

[0038] It is therefore an object of the present invention to provide a method and apparatus for decoding a soft output 
of convolutional codes with a high-speed operation. 

[0039] It is another object of the present invention to provide a method and apparatus for decoding a soft output of 

30 convolutional codes by a simplified structure. 

[0040] According to the present invention, when finding the probability information at each transition state of the 
convolutional code, and computing and outputting a soft output using the probability information, the probability infor- 
mation is partitioned in terms of a pre-set truncated length as a unit and stored. The updating of the probability informa- 
tion in the truncated length and the computation of the soft output outside the truncated length are executed in parallel. 

35 [0041] According to the present invention, a smaller processing volume per clock or a smaller amount of accessing 
to the memory suffices to enable a high-speed processing. 

[0042] Thus, in one aspect o! the present invention, there is provided a soft output decoding apparatus for convo- 
lutional codes probability computing means for finding the probability information in each transition state of the convo- 
lutional codes, probability storage means for storing the probability information as found by the probability computing 

40 means in a recording medium, and soft output computing means for finding a soft output using the probability informa- 
tion stored in the recording medium. The probability storage means stores the probability information in an amount not 
less than a truncated length on the recording medium, and the updating of the probability information within the trun- 
cated length by the probability storage means and the computation of the soft output outside the truncated length by 
the soft output computing means are carried out in parallel. 

45 [0043] In another aspect off the present invention, there is provided a soft output decoding method for convolutional 
codes including a first step of finding the probability information at each transition state of the convolutional codes, a 
second step of storing the probability infonnation as found in the first step in the recording medium in the first step a 
length not less than a truncated length, and a third step of finding a soft output using the probability information stored 
in the recording medium in the second step. The updating of the probability information within the truncated length in 

50 the second step and the computation of the soft output outside the truncated length in the third step are carried out in 
parallel. 

Brief Description of the Drawings 
55 [0044] 

Fig.1 illustrates the contents of oq, Pt and n in tt^e BCJR algorithm. 
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Fig.2 illustrates the contents of the SW-BCJR algorithm. 

Fig.3 is a block diagram showing a communication model embodying the present invention. 

Fig.4 is a block diagram showing the structure of a convolutional encoder in the communication model. 

Fig.5 shows the trellis of the convolutional encoder. 

Fig.6 is a block diagram showing the structure of a decoder in the communication model. 
Fig.7 illustrates the sequence of soft output computation in the communication model. 

Fig.8 is a block diagram showing the structure of an hy computation storage circuit in the decoder shown in Fig.6. 

Fig.9 is a timing chart for illustrating the operation of a RAM constituting the ly computation storage circuit. 

Fig. 10 is a block diagram showing the structure of the lot computation storage circuit in the decoder shown in Fig.6. 

Fig. 11 is a block diagram showing the structure of an la computation circuit in the la computation storage circuit. 

Fig. 12 is a block diagram showing the structure of an addition comparison selection circuit within the la computa- 
tion circuit. 

Fig. 13 is a timing chart for illustrating the operation of a register and a RAM making up the la computation storage 
circuit- 
Fig. 14 is a bd showing the structure of the ip computation storage circuit. 

Fig, 15 is a block diagram showing the structure of an ip computing circuit in the ip computation storage circuit. 

Fig. 16 is a block diagram for illustrating the structure of an addition comparison selection circuit in the ip computa- 
tion circuit. 

Fig.17 is a timing chart for illustrating the operation of the register etc making op the Ip computation storage circuit. 

Fig. 18 is a block diagram showing the structure of a soft output computation circuit in the decoder. 

Fig. 19 is a block diagram showing the staicture of an computation circuit in the soft output computation circuit. 

Fig.20 is a block diagram showing die structure of an IXq computation circuit in the soft output computation circuit. 

Fig.21 is a timing chart for illustrating the operation of the soft output computation circuit. 

Figs.22A to D illustrate the contents of a memory management in the ly computation circuit. 

Fig.23 is a timing chart of the memory management. 

Fig. 24 is a block diagram showing the structure of an addition comparison selection circuit associated with the SW- 
Log-BCJR algorithm. 

Fig.25 is a block diagram showing an alternative structure of the \y computation storage circuit in the decoder. 
Fig.26 is a timing chart for illustrating the operation of the ly computation storage circuit. 
Fig.27 is a block diagram showing an alternative structure of an ip computation storage circuit in the decoder 
Fig.28 is a timing chart for illustrating the operation of the Ip computation storage circuit. 
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Best Mode For Carrying Out the Invention 

[0045] Referring to the drawings, preferred embodiments of the present invention will be explained in detail. 
[0046] The present invention is applied to a communication model 1 configured as shown for example in Fig.3. This 
5 communication model 1 convolutionally encodes the digital information DO by a convolutional encoder 2 to send the 
convolutionally encoded data string to a decoder 4 over a noisy non-storage communication route 3 to decode the soft 
output of the convolutionally encoded data string. 

[0047] The convolutional encoder 2 in this communication model 1 is a 1 :2 encoder for outputting 2 bits for a 1 -bit 
input. Referring to Fig.4, the convolutional encoder 2 is made up of an input terminal 21 . fed with a 1 -bit input ij, output 
JO terminals 22a. 22b outputting a 2-bit output X^. three exclusive-OR circuits (EX • OR circuits) 23 to 25 and two registers 
26, 27. 

[0048] The input terminal 21 is connected to the output terminal 22a and to an input side of the EX • OR circuit 23. 
an output of which is connected to the input side of the resistor 26 and to the input side of the EX • OR circuit 24. An 
output side of the EX • OR circuit 24 Is connected to the output terminal 22b, while an output side of the resistor 26 is 
75 connected to an input side of the resistor 27 and to an input side of the EX • OR circuit 25. An output of the resistor 27 
is connected to the input of the EX - OR circuit 24 and to an input of the EX • OR circuit 25. an output side of which is 
connected to the input side of the EX • OR circuit 23. 

[0049] In this convolutional encoder 2. the 1 -bit input if, sent to the input terminal 21 Js directly outputted at the out- 
put terminal 22a. while being inputted to the EX - OR circuit 23. The EX -OR circuit 23 sends an exclusive-OR output 

20 between the input it and the output of the EX • OR circuit 24 via register 26 and registers 26. 27 to the EX • OR circuit 
25. An exclusive-OR output of the EX • OR circuit 24 is fed back to the EX • OR circuit 23. This EX • OR circuit 23 also 
routes the exclusive-OR output between the input it and the output of the EX • OR circuit 25 directly and also via the 
resistors 26, 27 to the EX • OR circuit 25. The EX • OR circuit 25 outputs an exclusive-OR output between the exclusive- 
OR output of the EX • OR circuit 23 and an output of the resistor 27 as another bit at the output terminal 22b. 

25 [0050] In the above-descrbed configuration of the convolutional encoder 2, if the 1 -bit irput it is routed to the input 
terminal 21 , a 2-bit output sequence X, is outputted at the output terminals 22a. 22b. Fig.5 shows the trellis of the con- 
volutional encoder 2, with the number of states being 4. 

[0051] The decoder 4 in this communication model 1 is a decoder which is based on the SW-Max-Log-BGJR algo- 
rithm and which is associated with the convolutional encoder 2 having a constraint length of 3 shown in Fig.4. 

30 [0052] This decoder 4 processes a received value Yt of the encoder 2, received from the non-storage communica- 
tion route 3. with a truncated length D = 4, to output a soft output \, Refen-ing to Fig.6. the decoder 4 includes a con- 
troller 41 for controlling the entire operation, input terminals 42y. 43p1 and 42p2, fed with the received value Yt, a priori 
probability value Pr ^ = log Pr{i , = 0} and Pr 2 = log Pr{i , = 1 } . respectively, an Jy computing circuit 43. an la computa- 
tion storage circuit 44, an ip computation storage circuit 45, a soft output computation circuit 46 and an output terminal 

35 47 for outputting a soft output IX^. 

[0053] In contradistinction from the usual SW-Max-Log-BCJR algorithm, this decoder 4 does not compute iPt for the 
number of states x truncated length for decoding for one time juncture. That is, the decoder 4 computes ip (shown by 
Pt - P(-D+i)» sequentially computes soft output outside the truncated length, as it connputes Ip outside the truncated 
length (shown by Pt.p Pt-ao+i). and sequentially connputes ip for the next truncated length. Thus, the decoder 4 per- 

40 forms, in parallel, the computation of ip in the truncated length and ip retrogressive down the time axis by not less than 
the truncated length, with the computation of ip per clock being the number of states x 2. 

[0054] The \y computation storage circuit 43 Is fed from the controller 41 with a control signal Scy and with the 
received value Yt, a priori proljability values Pr^, Pr2, from the input tef rninals 42y. 43p1 and 42p2, respectively. The \y 
computation storage circuit 43 uses the received value Y,. and a priori piobability values Pr-| . Pr2 to compute and store 
45 ly in accordance with the equation (18) every received value Yf The ly computation storage circuit 43 then routes ly to 
the computation storage circuit 44. Ip computation storage circuit 45 and to the soft output computation circuit 46 in a 
sequence proper for respective processing operations. 

[0055] The ly computation storage circuit 43 qDerates as first computation means for computing the first probability 
Y as determined by the code pattern and by the received value. It is noted that ly sent from the ly conputation storage 
50 circuit 43 to the la computation storage circuit 44 is depicted as ly(a), ly sent from the ly computation storage circuit 43 
to the Ip computation storage circuit 45 is depicted as WPO. Iy(P2) whilst ly sent from the ly computation storage circuit 
43 to the soft output computation circuit 46 is depicted as ly(X). 

[0056] The la computation storage circuit 44 is fed from the controller 41 with a control signal Sea, while being fed 
from the ly computation storage circuit 43 with \y(d). This la computation storage circuit 44 computes and stores la, in 
55 accordance with the equation (16). using ly(a). to route this h{(<x) to the soft output computation circuit 46 in a sequence 
proper to the processing. The la computation storage circuit 44 operates as second computing means for computing 
the second probability la from the encoding starting state chronologically to each state from one received value Yt to 
another. Meanwhile, la sent from the la computation storage circuit 44 to the soft output computation circuit 46 is 
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depicted as \y(\), while ly sent to the la computation storage circuit 44 is depicted as be{a). 

[0057] The ip computation storage circuit 45 is fed from the controller 41 wrth the control signal Sep. while being fed 
from the ly computation storage circuit 43 with ly(Pi) and hKP^). There is a time shift of the truncation length x 2 between 
WPi) and Iy(P2)- The ip computation storage circuit 45 uses Iy(Pi) and \y{t^) to compute and store two sequences of ip 

5 in parallel, in accordance with the equation (17). to send one of the sequences of ip to the soft output computation cir- 
cuit 46 in an order proper to the processing. This ip computation storage circuit 45 constitutes third computing means 
for computing the third probability ip from the truncated state to each state in a reverse sequence to the chronological 
sequence from one received value Yt to another. Meanwhile, ip sent from the ip computation storage circuit 45 to the 
soft output computation circuit 46 is termed IP(y). 

10 [0058] The soft output computation circuit 46 is fed from the \y computation storage circuit 43 with \y{X) . while being 
fed from the la computation storage circuit 44 and the ip computation storage circuit 45 with \a{X) and ip(X), respec- 
tively. The soft output computation circuit 46 uses !t(X). \a{X) and ip(X) to compute \XX in accordance with the equation 
(19) to chronotogically re-array and output the iy[X), \a{k) and ip(A.). 

[0059] The specified structures of the ly computation storage drcurt 44, la computation storage circuit 44, ip com- 
15 putation storage circuit 45 and the soft output computation circuit 46 are now explained. 

[0060] Fig.8 shows the structure of the computation storage circuit 43. This ly computation storage circuit 43 
includes input terminals 301 Y 301 Pi . 301 Pa and 301 S. fed with the received value Y,. a priori probability values Pr^. 
Prg and with the control signal Scy. respectively, and read-only memories (ROMs) 302a to 302d constituting a table for 
outputting the probability IR(Yt|00). IR(Y,|01). IR(Y,|10). IR(Yt|1 1) of the received value Y, for respective states m. with 
20 the received value Yt to the input terminal 301 Y as a readout address signal. 

[0061 1 The ly computation storage circuit 43 includes adders 303a. 303b for summing the a priori probability infor- 
mation Pri supplied to the input terminal 301 Pi for the probability IR(Yt|00). IR(Yt|01) outputted by the ROMs 302a. 
302b to obtain the probability ly[00], ly[01] of respective branches associated with outputs [00], [01] on the trellis, and 
adders 303c. 303d for summing the a priori probability information Pri supplied to the input terminal 301 Pg for the prob- 
es ability IR(Yt|10), IR(Y,|11) outputted by the ROMs 302c. 302d to obtain the probability ly[10]. Iy[11] of respective 
branches associated with outputs ly[10]. [1 1] on the trellis. 

[0062] The total number of bits of the respective probabilities WOO] to lyll 1] outputted by the adders 303a to 303d 
is the number of bits x 2n in the case of the systematic convolutional code with the code rate of k/n. Thus, the ly com- 
putation storage circuit 43 sets the respective probabilities lyfOO] to ly[1 1] with 4 bits and outputs the probabilities htOO] 

30 to ly[11] wit a sum total Of 16 bits. ,r.*., x o/x^ * or.>.^ 

[0063] The ly computation storage circuit 43 also includes random access memories (RAMs) 304a to 304<j. 
adapted for sequentially storing the respective probabilities Iy[00] to ly[11]. outputted by the adders 303a to 303d. in 
accordance with the control signal Scy and for outputting the respective probabilrties in a pre-set sequence, a selection 
circuit 308 for selectively retrieving ly outputted by these RAMs 304a to 304d in accordance with the control signal y for 

35 conversion to ly(a) ly(Pi). Iy{p2) and \y(X) and output terminals 309a to 309d for outputting these ly(a) ly(Pi), Wz) and 

[TO64] In the ly computation storage circuit 43. the probabilities IR(YJ00), IR(Y,|01) IR(Yt|10). IR(Yt|1 1) of received 
values Yt for respective states n are outputted from the ROMs 302a to 302d from one received value Yt to another, such 
that lylOO], 1^01], ly[10], ly[l 1] of respective branches associated with the outputs [00]. [01]. [10]. [1 1] on the trellis are 

40 obtained from the adders 303a to 303d. These probabilities ly[00] to ly[1 1] are sequentially stored in the RAMs 304a to 
304d and read out in a pre-set sequence so as to be retrieved by the selection circuit 308 as ly(a) h<Pi). W2) and ly(y). 
[0065] Fig.9 is a timing chart showing the management of RAMs 304a to 304d. The four RAMs 304a to 304d are 
run in a bank configuration, having a recording capacity of 16 bits x 4 words, for storing the output data ly[00] to ly[1 1] 
of the adders 303a to 303d. in an amount corresponding to the truncated length D. The RAMs 304a to 304d thus store 

45 the probabilities \y[00] to ly[1 1] sequentially cyclically (Fig.SA). In Rg.S. the probabilities ly[00] to Iy[1 1] at time points t 
= 1 ,2.3, ♦ • • are depicted by y1 , y2, y3, • • • . 

[0066] From the RAMs 304a to 304d. the probabilities ly[00] to ly[1 1] are read out with a delay con-espondmg to the 
time equal to twice the truncated length D. or 2D. From the selection circuit 308. these probabilities 1^100] to ly[11] are 
retrieved as the probability ly(a) to be sent to the la computation storage circuit 44. 

so [0067] The operation of reading out the probabilities ly[001 to ly[1 1] for 2D, directly since the end of writing of the 
probabilities ly[00] to ly[1 1] in the RAMs 304a and 304b. in a reverse sequence to the writing sequence, and the oper- 
ation of reading out the probabilities ly[00] to M1 1] for 2D. directly since the end of writing of the probabilities ly[00] to 
lyll 1] in the RAMs 304c and 304d, in a reverse sequence to the writing sequence, are effected alternately. From the 
selection circuit 308. the probabilities ly[001 to W 1], thus read out. are retrieved as the probability ly(Pi) to be supplied 

55 to the ip computation storage circuit 45 (Fig.9C). ...... ^ 

[0068] On the other hand, the operation of reading out the probabilities ly[00] to ly[1 1] for 2D, directly since the end 
of writing of the probabilities ly[00] to hrfl 1] in the RAMs 304b and 304c. in a reverse sequence to the writing sequence, 
and the operation of reading out the probabilities WO] to 1^1 1] for 2D. directly since the end of writing of the probabil- 
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ities l-rfOO] to Ml 1] in the RAMs 304d and 304a. in a reverse sequence to the writing sequence, are effected alternately. 
From the selection circuit 308. the probabilities hrfOO] to hrfl 1], thus read out. are retrieved as the probability lyCPa) to be 
supplied to the Ip computation storage circuit 45 (Fig.9D). 

[0069] After lapse of 2D since the writing of the probabilities hdOO] to lyll 1] for one truncated length D in the RAMs 
5 304a to 304d. these probabilities hrfOO] to Iy[1 1] are read out in the reverse order to the writing order. From the selection 
circuit 308. these probabiliti^ \ifpO] toi\[^^] are retrieved as the probability Iy(X) to be supplied to the soft output com- 
putation circuit 46 (Fig.9E). 

[0070] Fig.lO shows the configuration of the la computation storage circuit 44. This la computation storage circuit 
44 includes input terminals 401. 402. fed with the probability \y(a) and with the control signal Scy. respectively, an la 
10 computing circuit 403 for computing la in accordance with the equation (16). using the protsabilrty \y{a) one time point 
ahead as set on a register 405. and a selector 404 for selecting la outputted by the la computing circuit 403 or the initial 
value Ioq to set the selected value in the register 405. 

[0071] The selector 404 selects the initial value loo only at the time of initialization, based on the control signal Scy. 
while selecting output data of the la computing circuit 403 at other time points. This initialization occurs at a time point 

75 before the time of beginning of the outputting of the prot)ability l^a) by the ly computation storage circuit 43. As for the 
initial value loo. log 1 (= 0) and log 0(= -<«)are given as the value at the state 0 and as the value for other states, respec- 
tively, if the start point of the encoding Is known on the part of a receiver. If the start point of the encoding is not known 
on the part of a receiver, log 1/M. herein log 1/4. is given for all states if definition is to be followed. In actuality, the same 
value may be used for all states, such that 0 may be given to all states, as an example. 

20 [0072] Fig.1 1 shows the structure of the la computing circuit 403 including four addition comparison selection cir- 
cuits 41 1a to 41 Id. lYttOO] to lYt[1 1] and la,.i[0] to \a^.^[3] one time point ahead are distributed to the addition comparison 
selection circuits 41 la to 41 Id based on the transitions on the trellis. Each addition conrparison selection circuit 41 la 
to 41 1d selects a larger one of two results of addition of la and ly to find la in each state at the next time point. 
[0073] The addition comparison selection circuit 41 la is fed with hlOO] and Iy,[1 1], while being fed with lyt-iPl and 

25 l'Vt-i[2]. to compute the probability lat(O) for the state 0. The addition comparison selection circuit 41 1 b is ted with lYt[1 1] 
and lYt[00]. while being fed with Iym[2]. to compute the probability lat(1) for the state 1. 

[0074] The addition comparison selection circuit 41 1c is fed with lYt[10] and lytlOl], while being fed with lat.i[1] and 
lat.i[3]. to compute the probability lat(2) for the state 2. The addition comparison selection circuit 41 1d is fed with lYt[01] 
and lYt[10], while being fed with lYt.i[1]and lYt-i[31, to compute the probability la,(3) for the state 3. 

30 [0075] The addition comparison selection circuits 41 1 a to 41 Id are configured in common as shown in Fig. 1 2. The 
addition comparison selection circuit 41 la will now be explained subsequently. lyJOO] (probability of a branch getting to 
the state 0. indicated by a broken line in Fig.3) and lat.i[0] (probability of a branch getting to the state 0 one time point 
ahead in Fig.3) are summed together by an adder 421. Also, Fyt [1 1] (probability to the state 0 by a solid line in Fig.5) 
and lat.i(2) (probability to the state 2 one time point ahead in Fig.5) are summed together by the adder 422. The results 

35 of addition by the adders 421 , 422 are compared to each other in a comparator circuit 423 and the result of addition by 
the adder 421 or that by the adder 421 . whichever is larger, is retrieved as the probability la,(0). Although not explained 
specifically, the same operations are preformed for the addition comparison selection circuits 41 1 b to 41 Id. 
[0076] Reverting to Fig.lO, the la computation storage circuit 44 includes RAMs 406, 407 for sequentially storing 
the probabilities la(0) to la(3). outputted by the register 405. in accordance with the control signal Sea to output the 

40 stored data in a pre-set sequence, a selection circuit 408 for selectively retrieving la outputted by these RAMs 406. 407 
in accordance with the control signal Sea to convert it into Iy(X). and an output terminal 409 for outputting this \a{k). If 
the number of bits of la is 8. the number of bits of the probabilities lat(O) to lat(3) is 32. These 32 bits are stored as one 
word in the RAMs 406, 407. 

[0077] The la computation storage circuit 44 is initialized at a time point directly before start of outputting of the 
45 prd>ability \^ol) by the ly computation storage circuit 43 (see Fig.9B and Fig.13A). By this initialization, an initial value 
loo is selected by the selector 404 and the initial value thus selected (iao[00] to IoqIII]) is set in the register 405 
(Fig.13B). As from the next following clock period, the ly computation storage circuit 403 sequentially computes lot of 
the next time point (Fig.1 38) by the la computing circuit 403, from the probability h^a) sent from the ly computation stor- 
age circuit 43 and the probability loj.i outputted by the register 405 to store this lot again in the register 405. In Fig. 1 3, 
50 the probabilities la(0) to la(3) associated with the time points t = 1 , 2, 3, • • • are indicated by a^, a2. ag. • • • , respec- 
tively. 

[0078] Figs. IOC. D indicate management of RAMs 406. 407. These two RAMs 406. 407 operate in a bank config- 
uration having a storage capacity of 32 bits x 4 words in order to store output data of the register 405. that is the prob- 
abilities la(0) to la(3). for a length corresponding to the truncated length, in order to store the probabilities la(0) to la(3) 
55 sequentially cyclically (Fig.13C). 

[0079] The operation of reading the probabilities MO) to la(3) for the truncated length D. since the time these prob- 
abilities are written in the RAM 406, in a reversed order from the writing order, and the operation of reading the proba- 
bilities la(0) to la{3) for the truncated length D, since the time these probabilities are written in the RAM 407, in a 
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reversed order from the writing order, are performed aHernately. From the selection circuit 408. the probabilities la(0) to 
la(3), thus read out. are retrieved as the probabifity \a{\) to be supplied to the soft output computation circuit 46 
(Fig.13D). 

[0080] Fig 1 4 shows the configuration of the ip computation storage circuit 45. This \p computation storage circuit 
45 Includes input terminals 501 . 502. 503. fed with the probabilities Wi). lY(fe) and the control signal Sep. respectively, 
an Ip computation circuit 504 for computing Ip in accordance with the equation (17) using Iy(Pi) supplied to the input 
terminal 501 and the probability Ip set in the register 506 and a selector 505 for selecting one of Ip outputted by the ip 
computation circuit 504 or the initial value ipa to set the selected value in the register 506. 

[0081] The selector 505 selects the initial value Ipa only at the initializing time point, based on the control signal 
Sep while selecting output data of the ip computation circuit 504 at other time points. The initialization occurs at time 
directly before start of the outputting of the probability hytPi) by the \y computation storage drcuit 43 and subsequently 
at an interval of 2D. D being a truncated length. As the initial value ipa. usually the same value for all states, such as 0 
or log 1/M, herein log 1/4. is accorded. However, when decoding the terminated code, log 1 (= 0) and log 0 (= -«) are 
accorded as the value for the terminating state and other states, r^pectively. 

[0082] Fig 1 5 shows the configuration of the ip computation circuit 504 made up of four addition comparison selec- 
tion circuits 51 1 a to 51 Id. lYt[00] to lYt[1 1 ] and iPt(O) to iPt(3) are distributed to the addition comparison selection circuits 
51 1 a to 51 Id based on transitions on the trellis. The addition comparison selection circuits 51 la to 51 Id select a larger 
one of two results of addition of ip and ly to find ip in each state for the previous time point. 

[0083] The addition comparison selection circuit 511a is fed with lytLOO], hrt[1 1] and with ip,(0). Ipt(1) to compute the 
probability ip,.i (0) for the state 0. The addition comparison selection circuit 51 1 b is fed with lYt[1 0]. lYt[01 ] and with ip,(2). 
ip,(3) to compute the probability iPt.i(l) for the state 1 . 

[0084] The addition comparison selection circuit 51 1c is fed with lYt[1 1], lYt[0O] and with iPt(O). iPt(1 ) to compute the 
probability IPm (2) for the state 2. The addition comparison selection circuit 51 Id is fed with Iyi[01]. lytllO] and with iPt(2), 
ip,(3) to compute the probability iPt-i (3) for the state 3. ^ „ -n, 

[0085] The addition comparison selection circuits 51 1 a to 51 Id are configured in common as shown in Fig. 1 6. TTie 
following description is made on the addition comparison selection circuit 51 la. lYt[00] (probability of a branch getting 
to the state 0 indicated by a broken line in Fig.3) and ipjO] (probability of getting to the state 0 by retrograding down 
the time axis as from the terminal point of the truncated length in Fig.5) are summed together by an adder 521 . Also. 
lYt[1 1] (probability of a branch getting to the state 0. indicated by a solid line in Fig.5) and iPt[1] (probability of getting to 
the state 1 by retrograding down the time axis as from the terminal point of the truncated length in Fig.5) are summed 
together by an adder 522. The results of addition by the adders 521 . 522 are compared to each other in a comparator 
circuit 523 and the result of addition by the adder 521 or that by the adder 522. whichever is larger, is retrieved as the 
probability iPt-i(O). Although not explained specifically, the same operations are preformed for the addition comparison 
selection circuits 51 1b to 51 Id. . . 

[0086] Reverting to Fig. 1 4, the ip computation storage circuit 45 includes an ip computation circuit 507 for comput- 
ing Ip in accordance with the equation (17). using the probability lyiPz) sent to the input terminal 502 and the probability 
ip set'in the register 509 and a selector 508 for selecting Ip outputted by the ip computation circuit 507 or the initial value 
ipb to set the selected value in the register 509. 

[0087] The selector 508 selects the initial value ipb only at the initializing time point based on the control signal Sep, 
while selecting output data of the ip computation circuit 507 at other time points. The initialization occurs at time directly 
before start of the outputting of the probability W2) by the Iy compulation storage circuit 43 and subsequently at an 
interval of 2D, D being a truncated length. The initial value ipb is set similarly to (pa. Although not explained specifically, 
the ip computation circuit 507 is configured similarly to the Ip computation circuit 504 (Figs. 15 and 16). 
[0088] The ip computation storage circuit 45 includes a selection circuit 510 for selectively retrieving the probabili- 
ties ip(0) to ip(3). outputted by the registers 506. 509, in accordance with the control signal Sep. to convert it into ip(X), 
and an output terminal 512 for outputting this ip(X). If the number of bits of ip is 8, the number of bits of the probabilities 
iPt i(0) to iPt i(3) outputted by the ip computation circuits 504. 507 is 32. 

[0089] The ip computation storage circuit 45. shown in Fig. 14. initializes the register 506 at a time point directly 
before starting the outputting of the probability h<pi) by the Iy computation storage circuit 43 (Figs.QC and 17A) and 
subsequently at an interval of 2D. In this initialization, the selector 505 selects the initial value ipa, which is set in the 
register 506. From the next clock period on. the Ip computation circuit 504 sequentially computes Ipt.^ of the previous 
time point, from the probability Iy(Pi) supplied by the Iy computation storage circuit 43 and iPt outputted by the register 
506 this ipt 1 being again stored in the register 506 and outputted at the next dock time (Fig.17C). Meanwhile. Fig.17 
shows the probabilities ip(0) to ip(3). associated with the time points t = 1.2. 3, • • -.withPi.Pa.Ps. • • -.respectively. 
[0090] The register 509 is initialized at a time directly previous to the start of the outputting of the probability Iy(P2) 
by the Iy computation storage circuit 143(Figs.9D and 17B) and subsequently at an inten^al of 2D. In this initialization, 
the selector 508 selects the initial value ipb. which is set in the register 506. From the next dock period on. the Ip com- 
putation circuit 507 sequentially computes ip,.i of the previous time point, from the probability \y(p2) supplied by the Iy 
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computation storage circuit 43 and iPt outputted by the register 509. this ip^ being again stored in the register 509 and 
outputted at the next clock time (Fig.17D). The selection circuit 510 selectively retrieves outputs of the registers 506. 
509 to derive the probability ipCy) to be supplied to the soft output computation circuit 46. as shown in Fig.17E. 
[0091] Rg.18 shows the configuration of the soft output computation circuit 46. which is made up of input terminals 

5 601 . 602. 603 ted with the probabilities la(X). ip(X) and hKX). respectively, an computing circuit 604 and an lAo com- 
puting circuit 605 for computing the first and second terms of the right side of the equation (19), a subtracter 606 for 
subtracting the output lAo oi the computing circuit 605 from the output IX^ of the computing circuit 604 to obtain of 
the equation (19), a last-in first-out (LIFO) memory 607 for chronologically re-arraying IX^ outputted by the subtracter 
606 to output the re-arrayed data and an output terminal 608 for outputting the soft output lyt- 

10 [0092] ng.19 shows the configuration of the IX^ computing circuit 604. This IX^ confuting circuit 604 includes four 
adders 604a to 604d and a maximum value selection circuit 604e- On the adders 604a to 604d, signals are distributed 
in the following fashion based on the status transitions on the trellis. That is. \a^.^(Q), lpt(1). lyd"! 1] are supplied to the 
adder 604a. Iat.i(1). Ipt(2), lytllO] are supplied to the adder 604b. Iat.i(2). Ipt(O). lyjl 1] are supplied to the adder 604c 
and Ic4.i(3). iPt(3). IyJIO] are supplied to the adder 604d. 

15 [0093] "me maximum value of the results of addition by the adders 604a to 604d is selected by the maximum value 
selection circuit 604e and outputted as IX^ 

[0094] Rg.20 similarly shows the configuration of the IXo computing circuit 605. 

[0095] This IX2 conputing circuit 605 includes four adders 605a to 605d and a maximum value selection circuit 
605e. On the adders 605a to 605d, signals are distributed in the following fashion based on the status transitions on the 
20 trellis. That is, 104.1(0), lp,(0), IyJOO] are supplied to the adder 605a. 104.1(1). iPt{3). lYt[01] are supplied to the adder 604b. 
104.1(2). Ip,(1). lYt[00] are supplied to the adder 605c and 104.1(3). iPt(2), lYt[01] are supplied to the adder 605d. The max- 
imum value of the results of addition by the adders 605a to 605d is selected by the maximum value selection circuit 
605e and outputted as \Xq. 

[0096] To the input terminals 601, 602. 603 of the soft output conrputation circuit 46 are fed the probabilities la(X). 

25 lp(X) and \y{X). respectively (Figs.21 A. B and C). At each clock period, the IX1 conputing circuit 604 conputes the first 
term of the right side of the equation (19) to obtain IX1 . while the IXo computing circuit 605 conputes the second term 
of the right side of the equation (19) to obtain IX1. so that the subtracter 606 outputs IXt at each time point t (Fig.21 D). 
The subtracter 606 sequentially outputs l;^i which is fed to the LIFO memory 607 and chronologically re-arrayed so as 
to be outputted as re-arrayed soft ouput IXt. In Fig.21 , the soft output IXt associated with the time points t = 1 . 2. 3. • • • . 

30 is denoted as inputs X1.X2.X3.-**, 

[0097] Referring to the drawings, the memory management by the controller 41 in the decoder 4 is explained m fur- 
ther detail. Figs.22A to 22D show the contents of the memory management by chronologically showing the stored con- 
tents and ouputs of the RAMs 304a to 304d. register 405. RAMs 406. 407 and registers 506. 509. In the RAMs 304a 
to 304d and RAMs 406, 407, arrows i and T indicate writing in a specified address and readout from a specified 

35 address, respectively 

[0098] In Figs.22A to 22D, the following operations (1) to (6) are simultaneously executed at, for example, t = 13: 
(1) Iyi3 is stored in the RAM 304d: 

40 (2) \ae then is found on the basis of ouputted by the register 405 and h's ouputted by the RAM 304b to store 
lots thus found again in the register 405; 

(3) lot4 found at the previous time point to the ouputting from the register 506 is stored in the RAM 407, 

45 (4) IP3 is found on the basis of !p4 ouputted by the register 506 and IY4 ouputted by the RAM 304a to store IP4 thus 

found again in the register 506; 

(5) iPii is found on the basis of iPi2 ouputted by the register 509 and ouputted by the RAM 304c to find IP3 
which again is stored in the register 506; and 

so 

(6) lo^ is found on the basis of IP4 ouputted by the register 506, IY4 ouputted by the RAM 304a and Ictg outputted 
by the RAM 406. 

[0099] Similar operations are performed for other time points. By iteration of these operations, X, can be found one 
55 at a time. However, since X^ is found in this method in the reverse order with respect to the intrinsic chronological order, 
the soft ouput Xt is first re-arrayed in the intrinsic chronological order, by exploiting the LIFO memory 607, as described 
above. The re-arrayed soft output is then outputted. Fig.23 shows the timing chart for t = 1 3 until t = 20 if the memory 
management which is based on the above-described operations. 
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[0100] In the preferred embodiment, computation of ip in the tmncated length (computation by the ip computation 
circuit 507 of Fig.14) and the computation of Ip retrograding down the time axis by not less than the truncated length 
(computation by the Ip computation circuit 504 of Fig.14) are can-ied out in parallel, so that the computation of ip per 
clock is the number of states x 2. Thus, the volume of computation can be reduced significantly in comparison with the 
conventional SW-Max-Log-BCJR algorithm. On the other hand, the accessing to each memory per clock only once suf- 
fices. Therefore, in the preferred embodiment, the decoding operation of the convolutional codes can be executed 
speedily 

[0101] Meanwhile, since the memory management in the preferred embodiment is not performed in dependence 
upon the method for computation of la. ip or ly. it is possible to use a method other than the method of refen-ing to the 
ROM table as the \y computing method. 

[0102] The SW-Max-Log-BGJR algorithm may be mounted by assembling the correction shown by the equation 
(20) in the computing circuits shown in Figs. 11, 15. 19 and 20. In the following description, a soft output IXt is to be 
found in accordance with the SW-Log-BGJR algorithm is to be found. 

[0103] As an example, it is assumed that the correction shown in Rg.20 is to be assembled into the circuit of Rg.1 1 . 
[01 04] For assembling the corection shown by the equation (20). it is necessary to replace the structure shown in 
Fig-12 by the structure shown in Fig.24 in each of the addition comparison selection circuits 41 la to 41 Id. In Fig.24. 
the parts corresponding to those of Fig.9 are depicted by the same reference numerals. 

[01 05] The addrtion comparison selection circuit 41 1 a is now explained. lytlOO] and lYt.i(O) are summed in the adder 
421 . while lYtll 1] arid lYt.i(2) are summed in the adder 422. A subtracter 426 effects subtraction of the result of addition 
of x of the adder 421 and the result of addition y of the adder 422 and the result of subtraction (x - y) is sent to a posi- 
tive/negative decision circuit 427, from which signals "1" and "0" are outputted if the result of subtraction (x - y) is not 
less than 0 and less than 0. respectively. 

[0106] An output signal of the positive/negative decision circuit 427 is sent to the selector 424 as a selection signal 
SEL From the selector 424, the result of addition of x of the adder 421 or the result of addrtion y of the adder 422 is 
retrieved depending on whether the selection signal SEL is or "0", respectively. The result is that the result of addi- 
tion x or y of the adder 421 or 422. whichever is larger, is selectively taken out to execute the computation correspond- 
ing to the first term of the right side of the equation (20). 

[0107] The result of subtraction (x - y) of the subtracter 426 is sent to an absolute value computing circuit 428 to 
compute an absolute value |x - y|. This absolute value |x - y| is sent as a readout address signal to a ROM 429 consti- 
tuting the table. From this ROM 429. log(1 + e'l'^ y'). as the second term of the right side is obtained in the equation (20). 
An adder 430 sums an output signal max(x - y) of the selector 424 to an output signal log (1+ e '^- ^1) of the ROM 429 
to output the result of addition as a probability la,(0) which is based on the SW-Log- BCJR algorithm. The above holds 
for the addition comparison selection circuits 41 lb to 41 Id. although these circuits are not explained specifically. 
[0108] The foregoing description has been made of assembling of the correction shown in the equation (20) into 
the circuit of Fig 1 1 . The correction indicated in the equation (20) can be made similarly for the circuits shown in Figs. 1 5. 
19 and 20 to enable the mounting of the SW-Log- BCXJR algorithm. 

[0109] In the above-described embodiment, the constraint length = 3 and the truncated length = 4. However, the 
constraint length and the truncated length may be of any suitable value without being limited to the above values. On 
the other hand, the RAM configuration may be variegated such as by replacing the RAMs 304a to 304d by two dual port 
RAMs or by replacing the RAMs 406. 407 by a sole dual port RAM, or by employing a multi-port RAM in place of a sin- 
gle-port RAM, even though the memory read/write contents remain unchanged. 

[0110] The memory management may be variegated, such as by storing Ip instead of la in a RAM. Although the 
SW-Max- BCJR algorithm and the SW-Log- BCJR algorithm are used in the above embodiment, any other suited soft 
output decoding algorithm may be used by way of further modifications. 

[01 1 1 ] In the above<iescribed respectively embodiments, the probabilities \^00] to ItII 1] are read out with a delay 
corresponding to the truncated length D times 2, or 2D. from the RAMs 304a to 304d to decode the soft output. How- 
ever, the delaying time for the probability information not less than the truncated length D suffices, without being limited 
to the truncated length D times 2, or 2D. 

[01 1 2] For example, it is also possible to extend a RAM 308 to the ly conrputation storage circuit 43 shown in Fig.8 
to delay the probability information for a time duration corresponding to the truncated length D times 3. or 3D. 
[0113] The ly computation storage circuit 43. configured as shown in Flg.25, sequentially stores the probabilities 
WO]. Iy[01]. hrtlC], I>i1 1] of the respective branches, associated with outputs [00]. [01]. [10], [11] on the trellis obtained 
by the adders 303a to 303. in the RAMs 304a to 304e (ng-26A), to output probabilities Iy[00] to Iy(1 1] held with delay 
for a period corresponding to the truncated length D times 3. or 3D. The selection circuit 308 thus outputs the data MOO] 
to W1 1] after delay as the probabilities \y{a) for the ly conrputation storage circuit 43 (Figs.26B. C). 
[0114] The RAMs 304a to 304e and the selection circuit 308 partitions the probabilities h/[P0] to W1 1] every trun- 
cated length D and sets a reference time point at a time point which has elapsed the truncated length D along the time 
axis if the direction as from the terminal point of each truncated length D. If the probabilities hiOO] to 1] are stored in 
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a volume corresponding to truncated length D times 2 up to these reference time points, the RAMs 304a to 304e and 
the selection circuit 308 output these probabilities hfOO] to hrfl 1] in a reverse order from the input sequence. Thus, the 
RAMs 304a to 304e and tiie selection circuit 308 output the probabilities b^OO] to hrfl 1] as the first probability hr(Pi) for 
the ip computation storage circuit 45 (Figs.26D, E). while outputting the probabilities \y{00] to 1^1 11. constituted by the 
probability ly delayed by the truncated length D from the first probability \y(p^) in a similar sequence as the second prob- 
ability \y(P2) for the ip computation storage circuit 45 (Figs.26F and G). 

[01 1 5] For the probability \Y(k) for the soft output computation circuit 46. the RAMs 304a to 304e and the selection 
circuit 308 outputs tiie probabilities hrfOO] to hyjl 1]. delayed a pre-set time in a sequence for the la computation storage 
circuit 44. Thus, tiie \y computation storage circuit 43 outputs the first probability \y in a sequence associated with the 
processing in the la computation storage circuit 44, ip computation storage circuit 45 and in the soft output computation 
circuit 46. 

[0116] Referring to Fig.27, the ip computation storage circuit 45 sends the probabilities Pt.i{0) to Pm(3), computed 
by the ip computation circuits 504, 507, to tiie selection circuit 510 via RAMs 513. 514. 

[01 1 71 In tiie Ip computation storage circuit 45, shown in ng.27, the ip computation circuits 504. 507 compute, from 
the first probability \y{p^) and the second probability h^Pg) outputted by the computation storage circuit 43. the prob- 
abilities Pm(0) to Pt-i(3). retrograding to each state of the received value Pt, based on the probabilities Pt.i(0) to Pm(3). 
inputted from the ip computation circuits 504. 507 and from the registers 506, with a lead of one clock period. 
[01181 That is. in this ip computation storage circuit 45, the selectors 505. 508 selectively output, under control by 
the control signal Sep. tiie probabilities pt(0) to Pt(3) or tiie initial values Ipa, ipb to the registers 506. 507. these proba- 
bilities pt(0) to Yt(3) being outputted by the ip computation circuits 504, 507 with a lead of one clock period. 
[01191 As the initial values ipa, ipb, the same value, such as 0 or log 1/M, herein log 1/4. is usually given as 
described above. When decoding the terntinated code, log 1 (= 0) and log 0 (= -«») are given as the value in tiie termi- 
nated state and as the value in the otiier state, respectively. 

[01201 Referring to Fig.28. the selectors 505, 508 selectively output the initial values ipa, ipb to the registers 508, 
509 at a timing temporally ahead by one clock period at which tiie repetition of the first probability Iy(Pi) and tiie second 
probability W2) 'S changed over with tiie time of the truncated length D times 2 or 2D as a unit in association with the 
repetition of the first probability hKPi) and ttie second probability \y{^) retrograding down time axis with tiie time of 2D 
as a unit (Figs.28A, 28B. 28D and 28E). For otiier timings, probabilities Pt(0) to Pt(3), outputted by tiie ip computation 
circuits 504, 507. with a lead of one clock period, are outputted selectively 

[0121] Tlie RAMs 513. 514 are formed by a bank configuration having a capacity of storing the probabilities Pt.i(0) 
to Pt-i(3) in an amount corresponding to the truncated length. From the probabilities Pt-i(0) to Pm(3), outputted by the 
ip computation circuits 504, 507 with a shift equal to the truncated lengtii times 2, that is 2D. obtained in terms of a trun- 
cated length times 2. that is 2D, as a period (Figs.28B to 28D), tiie probabilities Pt.i(0) to Pt.T(3), obtained for the latter 
truncated length, are inputted sequentially cyclically Thus, from tiie two channels of tiie probabilities pt-1(0) to pt-1 (3), 
computed from tiie initial values Ipa. ipb, as reference, tiie RAMs 513, 514 selectively retrieve sufficientiy reliable por- 
tions to output the so-stored pt.i(0) to Pm(3) chronologically. 

[0122] The ip computation storage circuit 45 processes the first probability ly simultaneously in parallel by plural 
channels, within the extent of the truncated length in question as from each reference time point as set for at least the 
first probability lyto compute the ttiird probability ip by plural channels to output selectively the probability ip of the trun- 
cated length by tiiese plural channels of the probabilities iy. Meanwhile, in the prefened embodiment, these reference 
time points are set at tiie terminal point of the truncated lengtti next to each truncated length. 

[0123] The selection circuit 510 output the probabilities Pt.i(0) to Pt.i(3), alternatively outputted from the RAMs 51 3, 

514 in this sequence in terms of the truncated length D as a unit, to the soft output computation circuit 15. 

[0124] In the above structure, an input if is convolution-encoded with a constraint length 3, by tiie convolutional 

encoder 2, where it is converted into an output string Xj, having a number of states m equal to 4, this output string 

being inputted to tiie decoder 4 over the non-storage communication route 3. In this decoder 4, the received value of 

the input signal is detected by analog/digital conversion and inputted to the \y computation storage circuit 43. 

[01 25] In the \y computation storage circuit 43. the probability of the received value p, associated witii each state is 

computed by the table of the ROMs 302a to 302d, associated witii each state (first term of the right side of tiie equation 

(1 6) and summed to tiie initial value log Pr{lt = 0} by the adders 303a to 303d to compute sequentially tiie first probability 

ly associated with each state m (Fig.26A). 

[0126] The first probability ly. thus computed, is sequentially stored in the RAMs 304a to 304e of tiie bank configu- 
ration, constituted with tiie truncated length D as a unit, so as to be sequentially stored in the RAMs 304a to 304e of 
the bank structure constituted in terms of the truncated length D as a unit, and so as to be outputted chronologically to 
the ly computation storage circuit 42 after a delay corresponding to a time equal to the truncated length D times three 
(Fig.26C). This outputs tiie first probability ly(a) to the ly computation storage circuit 43 in a sequence and timing proper 
for the processing by tfie ly computation storage circuit 43. 

[0127] If the first probability ly is partitioned in terms of tiie ti'uncated length D as a unit, each reference time point 
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is set at a time point corresponding to the truncated length as from each truncated length D. and the first probability \y 
is stored in the RAMs 304a to 304e as from each truncated length to the corresponding reference time point, the parti- 
tioned portions of the first probability \y is outputted to the ip computation storage circuit 45 in a sequence retrograding 
down the time axis as from each reference time point (Rgs.26D to G). Since the reference time point is set at en end 
time point of the next following truncated length, the partitioned portion of the first probability hr as from the next follow- 
ing truncated length up to the con^espondlng reference time point start to be outputted. before completion of the output- 
ting of the partitioned portion of the first probability ly as from a given truncated length up to the reference time point. 
Thus, the first probability ly is outputted to the ip computation storage circuit 45 in a sequence retrograding down the 
time axis by two routes shifted in contents and timing by one truncated length (see Figs.26D to G). This outputs two 
routes of the second probability hrtPi) in a sequence and at a timing suited to the processing in the ip computation stor- 
age circuit 45. 

[0128] On the other hand, the first probability ly is chronologically outputted to the soft output computation circuit 
46, 44,with a pre-set time delay, in the same way as it is outputted tot the la computation storage circuit 44. 
[0129] The la computation storage circuit 44 computes the second probability a(X) getting to each state from the 
15 first probability ly in a direction along the time axis every received value to output the computed second probability a(A.) 
in a sequence and timing suited to processing in the soft output computation circuit 46. 

[0130] In the Ip computation storage circuit 45. the two routes of the input probabilities ly(Pi) and ly(P2) in the retro- 
gressive direction down the time axis are summed in the Ip computation circuits 504, 507 to the probabilities pt of the 
corresponding states one clock back and a smaller one of the summed values is selected to compute the probability in 
20 the retrogressive direction down the time axis every state. By selectively feeding back the sequentially computed prob- 
abilities or the initial values ipa, ipb to the ip computation circuits 504. 507 by the RAMs 304a, 304b, the probability in 
the direction retrograding from the reference time point is calculated simultaneously in parallel. 

[01 31 ] The two channels of the probabilities of the truncated length are selectively stored and outputted with suffi- 
cient reliability in an area remote from the reference point. At the time of selective outputting of the probability via the 
RMAs 513. 514. these probabilities are re-an-ayed in the sequence along the time axis reversed from that at the time of 
storage and are outputted to the soft output computation circuit 46. The third probability ip(X) is outputted in a sequence 
corresponding to the processing in the soft output computation circuit 46 along the time axis. 
[01 32] The soft output computation circuit 46 can execute the processing without re-arraying the input probabilities 
la(X) ip(\) and ly(X) and without re-arraying the computed soft outputs ly. thus enabling the soft outputs to be obtained 
30 by a simplified structure. 

[0133] Since the third probability can be computed by computation of two states x number of states, instead of by 
computation of the constraint length x number of states, in decoding a symbol, the processing volume can be corre- 
spondingly reduced to simplify the entire structure. 

[0134] That is. the probabilities \a{k) ip(X) and ly(X). inputted in this manner to the soft output computation circuit 
35 46, are summed every corresponding state. The maximum value of these probabilities is detected every time the "1 " or 
the value "0" is entered and is processed by a subtracter 606 to give a soft output lyt which is outputted in a time 
sequence associated with the received value pt- 

[01 35] Thus, by partitioning the first probabilities ly every truncated length D to set the corresponding reference time 
point, by outputting the probability ly of the truncated length from each reference time point as a unit by plural channels 

40 in a direction retrograding down time axis, and by outputting the first, second and third probabilities ly. la and ly in a 
sequence proper to the next following processing, the soft output of each symbol can be obtained by the computation 
of two channels x number of states in place of the computation of the constraint length x number of states. At this time, 
the soft output computation circuit is able to compute the soft output h' without re-arraying la. Ip or the computed soft 
output ly. This enables the soft output to be decoded by a simplified structure. 

45 [0136] In the above-described embodiment the reference time point is set in terms of the truncated length as a unit. 
The present invention, however, is not limited to this embodiment since the reference time point can be optionally set to 
various positions. If. by the reference time point, thus set, the length as from a given reference time point up to a corre- 
sponding truncated length is longer than in the above^escribed emljodiment. it becomes necessary to output the first 
probability h' via a corresponding number of channels and to process the outputted probabilities ly by corresponding 

so channels in the ly computation storage circuit. 

[0137] In the above-described embodiment, the soft output is computed by a truncated length equal to 4. The 
present invention, however, is not limited to this embodiment since the truncated length can be optionally set to any suit- 
able value. 

[0138] In the above-described embodiment, the convolutional encoding is effected with the constraint length equal 
55 to 3. The present invention, however, is not limited to this embodiment since the present invention can be applied to 
processing of convolutional codes by any suitable constraint length. 

[01 39] Also, in the above-described embodiment, the soft output is computed by the SW-Max-Log-BCJR algorithm. 
The present invention, however, is not limited to this embodiment since the present invention can be applied extensively 
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to computation of the soft output by a variety of suitable soft output decoding algorrthrro. such as SW-Log-BCJR algo- 
rithm. 

[0140] Thus, according to the present invention, In which the probability information is stored in an amount not less 
than the truncated length D and the updating of the probability information within the truncated length and the compu- 

5 tation of the soft output outside the truncated length are carried out in parallel, the volume of computations per clock 
and the volume of accessing per memory can be reduced significantly to expedite the decoding of the convolutional 
codes. Moreover, by computing and processing the probabilities leading to respective states in a direction retrograding 
down the time axis with a length not less than the truncated length as a unit over plural channels to compute the soft 
output, and by outputting the computed probabilities in a sequence suited to the next following computation, a soft out- 

70 put decoding method and apparatus can be realized in which the soft output can be decoded by a simplified configura- 
tion. 



Claims 

15 1 . A soft output decoding apparatus comprising: 

probability computing means for finding the probability information in each transition state of the convolutional 
codes* 

probability storage means for storing the probability information as found by said probability computing means 
20 in a recording medium; and 

soft output computing means for finding a soft output using the probability information stored in said recording 
medium; wherein the improvement resides in that 

said probability storage means stores the probability information in an amount not less than a truncated length 
on said recording medium; and in that 
25 the updating of the probability information within the truncated length by said probability storage means and 

the computation of the soft output outside the truncated length by said soft output computing means are cried 
out in parallel. 

2. The soft output decoding apparatus according to claim 1 wherein said probability conrputing means and the soft 
30 output computing means compute the product processing of said probabilities by logarithmic addition processing 

to compute the addition processing of said probabilities by logarithmic maximum value processing. 

3. The soft output decoding apparatus according to daim 1 wherein said probability computing means and the soft 
output computing means compute the product processing of said probabilities by logarithmic addition processing 

35 and degree-one function processing to compute the addition processing of said probabilities by logarithmic maxi- 
mum value processing. 

4. The soft output decoding apparatus for convolutional codes according to claim 1 wherein said probability comput- 
ing means comprises: 

40 

first computing means for computing the first probability as determined by a code output pattern and said 
received value; 

second computing means for chronologically computing the second probability from the start of encoding up 
45 to each state every received value based on said first probability; arxi 

third conputing means for computing a third probability every received value from the truncation state up to 
each state in a sequence reversed from the chronological sequence based on said first probability; 

50 the probability information updated within the truncated length of said probability storage means is said third 

probability information. 

5. The soft output decoding apparatus for convolutional codes according to daim 4 wherein said first probability com- 
puting means transiently stores said first probabilities in said probability storage means and sequentially reads out 

55 and outputs the first probabilities in a sequence corresponding to each processing in said soft output computation 
means; and wherein 

said third probability computing means partitions said first probabilities in terms of said pre-set truncated length 
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as a unit, sets said reference time point along the time axis direction as from said tmncated length, processes 
said first probabilities simultaneously in parallel by plural channels, at least in terms of a length corresponding 
to the corresponding truncated length as from the truncated length as from each reference time point as a unit, 
to compute said third probability by plural channels, selects the third probability corresponding to said trun- 
5 cated length from the computed third probabilities of the plural channels, to store the third probabiltti^ con-e- 

sponding to the received value transiently in said probability storage means and sequentially reads out and 
outputs the third probabilities in a sequence corresponding to the processing by said soft output computation 
means. 

10 6, The soft output decoding apparatus for convolutional codes according to claim 5 wherein the first probabilities tran- 
siently held by said probability storage means are delayed a pre-set time in a sequence along the time axis, at least 
in terms of a length inclusive of said first probabilities of said truncated length corresponding to each reference time 
point, and wherein the first probabilities are outputled simultaneously in parallel to said third probability computing 
means over plural channels in a sequence retrograding down the time axis; and wherein 

15 . • ^• 

said first probabilities transiently stored in said probability storage means are delayed a pre-set tme in a direc- 
tion along time axis and outputted to said soft output computation means. 

7. The soft output decoding apparatus for convolutional codes according to claim 5 wherein said reference time point 
20 is set at an end time point of the next following truncated length. 

8. A soft output decoding method for convolutional codes comprising: 

a first step of finding the probability information at each transition state of tiie convolutional codes; 

a second step of storing the probability information as found in said first step in said recording medium in said 
first step a length not less than a truncated length; and 

a third step of finding a soft output using said probability information stored in the recording medium in said 
30 second step; wherein the improvement comprises: 

carrying out the updating of the probability information within the truncated length in said second step and the 
computation of the soft output outside the truncated lengtii in said third st^ in parallel. 

35 9. The soft output decoding method for convolutional codes according to claim 8 wherein said first step includes 

a first probability computing step of sequentially computing, for each received value, the first prot^ability as 
determined by an output pattern of a code and said received value; 

40 a second probability computing step of computing, for each received value, a second probability reaching each 

state in a direction along the time axis, based on said first protability; 

a third probability computing step of computing, for each received value, a third probability reaching each state 
in a direction retrograding down the time axis, as from a pre-set reference time point, based on said first prob- 
45 ability; and 

a soft output computing step of computing a soft output based on said first, second and third probabilities; 
wherein 

50 in said third probability computing means, said first probability is partitioned in terms of said pre-set truncated 

length as a unit, said reference time point is set along the time axis direction as from said truncated length, said 
first probability is processed simultaneously in parallel by plural channels, at least in terms of a length cxjrre- 
sponding to a truncated length as from each reference time point as a unit, to compute said third probabilities 
by plural channels, the third prolsability corresponding to said truncated length are selected from the computed 

55 plural channels of the third probability, and the third probability corresponding to the received value is output- 

ted; and wherein 

in said first probability computing step, said first probability is transiently held in probability storage means and 
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sequentially read out and outputted in a sequence corresponding to each processing in said second and third 
probability computing steps and in said soft output computing step; said third probability being transiently held 
in probability storage means during said third probability computing step and sequentially read out and output- 
ted in a sequence corresponding to the processing in said soft output computing step. 

10. The soft output decoding method for convolutional codes according to daim 9 wherein the first probability tran- 
siently held by said probability storage means is delayed a pre-set time in a sequence along the time axis, at least 
in terms of a length inclusive of said first probability of said truncated length con^esponding to each reference time 
point as a unit, and wherein the first probability is outputted simultaneously in parallel to said third probability com- 
puting means over plural channels in a sequence retrograding down the time axis. 

11. The soft output decoding method for convolutional codes according to claim 9 wherein said reference time point is 
set to an end point of the next following truncated length. 

12. The soft output decoding method according to claim 9 wherein the product processing of said probabilities is com- 
puted by logarithmic addition processing in said first, second and third probability computing steps and the soft out- 
put computing step and wherein the addition processing of said probabilities is computed by logarithmic maximum 
value processing. 

1 3. The soft output decoding method according to claim 9 wherein the product processing of said probabilities is com- 
puted by logarithmic addition processing in said first, second and third probability computing sub-steps and the soft 
output computing step and wherein the addition processing of said probabilities is computed by logarithmic maxi- 
mum value processing and degree-one function processing. 
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